Background: Accurate assessment of physical activity in adolescents at population level is necessary. In Vietnam, the International Physical Activity Questionnaire (IPAQ) and Physical Activity Questionnaire for Adolescents (PAQA) have been validated against accelerometers for use in adolescents. However, these questionnaires were originally designed for adults and showed poor validity. This study aims to assess the reliability and validity of the Vietnamese Adolescent Physical Activity Recall Questionnaire (V-APARQ). Methods: One hundred and sixty five students were recruited from four junior high schools in Ho Chi Minh City Vietnam in 2004. V-APARQ asked students to report their usual organised and non-organised physical activity during a normal week and moderate-(MPA), vigorous-(VPA and moderate-to-vigorous-(MVPA) physical activity were calculated. Reliability was assessed by test-retest (2 weeks apart). Construct validity was assess by 7-day accelerometry, following the completion of the first V-APARQ. Results: The construct validity of the V-APARQ showed Spearman correlation of 0.25 and 0.22 for the assessment of the questionnaire when compared to the accelerometer. Test-retest reliability showed a weighted Kappa of 0.75 and the intra-class correlation coefficient for MVPA was 0.57 for the whole group (MPA =0.37 and VPA = 0.62), and were higher in boys than girls. The Bland-Altman plots for reliability show a mean difference of 0.4 minutes (95 % CI = −3.2, 4.0) for daily MVPA (n = 146) and the limits of agreement were −42.6 to 43.4 mins/day. In boys MVPA was lower on the first, compared with second administration of V-APARQ while the reverse was observed among girls. Conclusion: The reliability and validity of the V-APARQ were low to fair, but are comparable to other self-report physical activity questionnaires used among adolescents. V-APARQ will be useful for population monitoring of change in physical activity among urban Vietnamese adolescents.
Background
Physical activity across the life span is an important component of a healthy lifestyle, and the benefits of being active to prevent a range of chronic diseases and obesity are well documented [1] [2] [3] . For youth aged 5-18 years, it is recommended that they should participate daily in 60 minutes or more of moderate to vigorous physical activity (MVPA) for health [2, 3] . However, the evidence suggests few adolescents meet the guideline [4, 5] . Thus, assessment of physical activity in adolescents at population level is needed to identify current levels of physical activity, provide a basis for targeted intervention, and assess the effectiveness of intervention programs designed to increase physical activity.
A wide range of objective and subjective methods have been used to measure physical activity behavior among children and adolescents. Due to their low cost and ease of administration, self-report methods are the most commonly used in population monitoring of physical activity, but are prone to recall and social desirability bias [6] . Hence, questionnaires should be validated against more objective measures of physical activity before use. In Vietnam, the International Physical Activity Questionnaire (IPAQ) and Physical Activity Questionnaire for Adolescents (PAQA) have been validated against accelerometers for use in Vietnamese adolescents. However, these questionnaires were originally designed for adults and showed "poor validity to be used as a population instrument in Vietnam" [7] . The Adolescent Physical Activity Recall Questionnaire (APARQ), which has been developed and validated among adolescents in Australia [8, 9] , was considered a potentially acceptable self-report questionnaire for Vietnamese youth. The purpose of this study was to determine the test-retest reliability and construct validity of a translated and culturally adapted version of APARQ (i.e., Vietnamese-APARQ or V-APARQ) for assessing MVPA among Vietnamese youth.
Methods

Study design
A convenience sample of adolescents who were participating in a longitudinal study of school students (Ho Chi Minh City Youth Cohort Study, HCMC-YCS) were recruited. Reliability of the V-APARQ was assessed using two week test-retest and the construct validity was determined by accelerometry, which was worn between the first and second administration of the V-APARQ.
Participant recruitment
Four junior high schools (Grades 6 -9) were selected at random from schools participating in the HCMC-YCS in 2004 [10] . Two schools were based in wealthy urban districts and two from less wealthy urban districts. In each selected school, one class of Grade 6 was chosen and students were invited to participate in the study. In total, 165 students from the four schools were sampled. The study was approved by the Ethics Committee of Pham Ngoc Thach University of Medicine. Written consent was obtained from both students and their parents prior to data collection.
Outcome assessment
The APARQ [8] was adapted and translated into Vietnamese. Briefly, APARQ asks students to think about a normal week during summer school and winter school terms and report separately time spent in organized and nonorganized physical activities. Students report the activity, the duration and frequency for each activity reported. In order to ensure APARQ was suitable for Vietnamese youth, a modified version of APARQ was guided by formative research. This formative research comprised focus group discussions among adolescents, and physical education teachers from 30 junior high schools of different areas in Ho Chi Minh City to identify the range of physical activities that needed to be considered in the questionnaire. The purpose of these discussions was to make sure the list of common activities was appropriate for use with Vietnamese adolescents. After group discussions, a list of common activities done by junior high school students was created and added to the APARQ as prompts to help the students recall their activities. The revised questionnaire was pilot tested in approximately 20 junior high schools (n = 96) prior to the validation study. Some minor changes were made based on the pilot. For example, the form included some open-ended questions for physical activities not included in the list. Furthermore, the questionnaire also included mode and time in commuting to school.
In Ho Chi Minh City, because of the tropical environment, there is no clear difference between the summer and winter school terms. Hence, the original APARQ questionnaire was modified and asks students to report time spent in organised and non-organised sports and games at school, before and after school and on weekends during both the school term and the summer holidays. The questions on frequency and duration of each activity were administered during class time with the researcher providing prompts. The interviewers helped the students to remember activities they have engaged in at school, at home, during school time and summer holidays by following a suggested list of common activities at the end of the V-APARQ. The interviewers also helped the students to assign activities into organized and non-organized columns, and to confirm if the activities were in training or in competition. Four interviewers administered the V-APARQ during class time and assisted the students to answer the questionnaires.
Physical activity was also assessed by an Actigraph GT1M accelerometer (Actigraph, LLC, Pensacola, FL, USA), an accepted construct measure of physical activity [11] . The Actigraph accelerometers were initialised to collect data in 1-minute epochs and students were asked to wear the accelerometer on the right hip for seven consecutive days, except during sleep and water based activities.
Data management and analysis
Data on self-reported physical activity were cleaned based on the guidelines of the original APARQ [8] . Calculations were conducted separately for school term and summer holidays and for organised and non-organised activities. Each activity was categorized as a moderate physical activity (MPA) or vigorous physical activity (VPA) based on the Compendium of Physical Activities [12, 13] . In Vietnam the school term is 38 weeks and summer holidays 14 weeks, so responses were weighted as; time spent in each activity per week = (Time spent in each activity per week in school term * 38/52) + (Time spent in each activity per week in summer holidays * 14/52).
For the accelerometer, average time spent per day in MPA (≥3 MET and <6 MET), VPA (≥6 MET) and moderate-to-vigorous physical activity (MVPA) (≥3 MET) were calculated using existing age specific cut points for accelerometer activity counts [14, 15] . Non-wear time was defined as 10 minutes of consecutive zeroes [16] . Only participants who wore the accelerometer for eight or more hours per day on at least four out of seven days were included in the analysis.
MVPA was calculated in minutes per day for both the V-APARQ and accelerometer. As the distributions of the physical activity data were skewed, the median and interquartile range were presented. For validity, the differences between the two methods were tested using Mann-Whitney test. Spearman's coefficients were calculated to assess the construct validity correlation between time (minutes per day) spent in MPA, VPA, and MVPA from each of the two V-APARQ assessments and the accelerometer. We also assessed the agreement of quintiles of time spent in MPA, VPA and MVPA based on the two measures using quadratic weighted Kappa statistics. The weighted Kappa was interpreted as follows: < 0.20: Slight agreement, 0.21-0.40: Fair agreement, 0.41-0.60: Moderate agreement, 0.61-0.80: Substantial agreement, 0.81-0.99: Almost perfect agreement [17] . Bland-Altman plots were used to evaluate the level of agreement between the two V-APARQ measurements [18, 19] . The data were analysed using STATA version 12 (Stata Corporation statistical packages, 2011).
Results
A total of 165 students participated in the study, and 146 students (88%) had complete data (47% male). Mean and standard deviation of students' age, weight, height and body mass index of the participants were 12.7 years (± 0.6), 40.4 (± 9.1) kg, 147.4 (± 7.7) cm and 18.9 (± 3.0) kg/m 2 , respectively. Table 1 shows descriptive data from the accelerometer and the V-APARQ, stratified by sex. Overall, the median of time reported for MPA was approximately 70~80 minutes and 11 minutes for VPA on the V-APARQ, which was significantly more than the median time measured by the accelerometer (57 minutes and 3 minutes, respectively) (p < 0.001). Boys spent more time in MPA and VPA, measured by V-APARQ and accelerometer, compared with girls. Table 2 shows the Spearman correlation coefficients of time spent in MPA, VPA and MVPA measured by the accelerometers and for each administration of V-APARQ by sex. There were no differences in the correlation coefficients between accelerometer and the first and second administrations of V-APARQ. Overall, the correlation coefficients for MVPA were 0.25 and 0.22 for the first and second administrations, respectively, compared with accelerometry. Correlation coefficients were stronger for VPA compared with MPA and MVPA, and the coefficients were higher among boys compared with girls.
Validity
Reliability
Two week test-re-test (V-APARQ1 and V-APARQ2) showed that the median time (mins/day) spent in MPA, VPA and MVPA were not significantly different (pvalues = 0.44, 0.98, 0.88, respectively). Intraclass correlation coefficients ranged from 0.37 (MPA) to 0.62 (VPA) and 0.57 (MVPA), and were higher in boys than in girls. Weighted Kappa values showed moderate agreement for MVPA ( Table 3 ).
The Bland-Altman plots show that among boys, MVPA was lower on the first, compared with second administration of V-APARQ while the reverse was observed among girls. In boys, the higher the values reported in the V-APARQ1, the larger were the errors between two V-APARQs, but this pattern was not seen for girls. (Figures 1 and 2 ).
Discussion
The reliability and validity of the V-APARQ were low to fair, but are comparable to other self-report physical activity questionnaires used among adolescents. V-APARQ will be useful for population monitoring of change in physical activity among Vietnamese youth. 
Validity
While the correlation coefficients reported here were small, they are consistent with the psychometric properties reported for the original APARQ [8] and by others for self-report questionnaires for physical activity among adolescents [20] . For example, the study in Canada using Caltrac motion sensor had the correlation coefficient at 0.33 [21] and the HELENA study conducted in Europe using Actigraph GT1M accelerometers had correlation coefficient at 0.25-0.30 for MPA and VPA of the group aged 15-17 [22] . Another study conducted on Vietnamese adolescents assessing the construct validity of two questionnaires IPAQ and PAQA also showed the correlation coefficients of 0.21 and 0.27 for urban areas.
In this study, the correlation coefficients found were higher in VPA than in MPA when comparing the data obtained with V-APARQ and those from the accelerometers. It has been reported in many studies that low and moderate intensity activities are the most difficult for adolescents to recall accurately because these activities are accumulated throughout the day and are diverse resulting in poorer recall [23, 24] . In contrast, vigorous intensity physical activities are more structured and stable over time and easier to recall [25] .
Our study found that, on average, children overestimated the time they spent in MPA by 60 min/day and the time they spent in VPA approximately by 7 min/day. These findings are consistent with other studies that have shown that VPA is typically reported with lower error [22, 26] .
Reliability
The test-retest reliability correlation coefficients in the present study gave similar values as seen in other reliability studies [8, 27] , especially the original APARQ [8] . The overall ICC of 0.57 for MVPA indicates a negative score for test-retest reliability as suggested by Chinapaw et al. [28] . It is possible that the activities reported changed during the two-week test-retest period resulting in a lower reliability.
The greater reliability coefficients for VPA compared with MPA could indicate better recall of vigorous activities. Other studies conducted in adolescents also found that reliability for estimations of time spent on VPA was better compared to MPA [7, 22] . However, this could also partially be explained by the notion that VPA are more fixed activities whereas the MPA are more variable [27] .
It is important to note that the 2-week test-retest to assess the questionnaire's reliability will likely have picked up some actual variations in activities between the two assessments periods, which would have led to an underestimation of the reliability coefficient. The Bland-Altman plots further suggested that the V-APARQ has low reliability for MVPA in both boys and girls. The limits of agreement (LOA) are indicating that some subjects under-or over-reported their time spent for MVPA in V-APARQ2 compared to V-APARQ1 with a difference observed between boys and girls. . It is difficult to determine if this reflects actual differences in physical activity behavior or is reflective of the measurement properties of the V-APARQ. It might be at least partly due to actual differences in physical activity behavior, as the second administration of the V-APARQ happened during a school exam period, while the first was during a regular school period. Hence, the balance between physical activities and study time (including after class) could have been quite different. A limitation of the study is the lack of consensus on cut points for MVPA among youth, which makes it hard to determine absolute validity. However, accelerometers are arguably the most appropriate construct measure to determine the validity of assessing adolescent physical activity. Limitations of accelerometer are that they underestimate physical activities without a strong vertical component (such as cycling) and that they were not worn during aquatic activities [29, 30] . In the current study, activity counts were collected in 1 minute epochs and this might have underestimated high level intensity activities of short duration. This is known to lead to underestimations of physical activity in young children (i.e., <5 years old), in which data collection in 15 second epochs is recommended [31] . However, this is less likely to be a major issue in adolescent populations, where physical activity bouts are maintained for longer periods compared with pre-school aged children.
Intra-interviewer variability was not measured in this study, however interviewers were trained in the administration of the V-APARQ so that the administration would be consistent. Another limitation was that the study only included adolescents in urban areas and it is yet to be determined if the V-APARQ will be as accurate when applied to rural areas in Vietnam. Thus, the tool should be re-validated before being used in a rural setting.
One of the limitations in categorising physical activities reported by youth is the lack of a compendium which defines MET values for a range of activities. Current practice has been to apply adult MET values [13] . This practice has been examined and efforts to build a physical activity compendium for youth were explored [32] . However, the proposed youth compendium consists mainly of adult values due to a lack of energy cost studies (only 35 % of the values listed in the compendium are based on data measured in youth, the rest are estimated from the adult compendium). Furthermore, it has been proposed that the cut-point to define MPA among youth should be raised from 3 to 4 METS [32] , but to date redefining MPA is yet to be internationally agreed upon. To this end, we believe that our definition and MET allocations are appropriate for this validation study.
Conclusions
In conclusion, the results of this study overall suggest that the V-APARQ has low to fair reliability and validity. It can be considered as useful measure of physical activity as well as monitor change and trends in physical activity among urban Vietnamese adolescents. Further validation in rural Vietnamese adolescents is advisable.
